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This application is related ,o and claims the benefit of: (1) provisional Un,ted 
StaKs Patent Application Serial No. 60,188,562 filed on March 10. 2000 in Che name of 
Edison T. Hudson, entitled "Smart camera", commonly assigned herewith; (2) 
10 provisional Un.ted States Patent Appl.ca.ion Serial No. 60/.88.580 filed on March 10. 
1 2000 in the names of Edison T. Hudson, James McCormiclc, Ronald O. Oenise and 

1 Jerome Dahl, entitled "Hardware architecture and method for distributed machine 

2 provisional Paten, Application Serial No. 09/779.13 filed February 7, 2001 ,» the 
0 15 nam es of Edison T. Hudson, James McCormi* Ronald G. Genise and Jerome Dan,, 
1 entitled "Hardwa« archttecture and method for distributed machine control", commonly 
u assigned herewith. 
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fTFT P ™ ™* INVENTION 
The present invention relates to machine control systems. The invention has 
br0 ad applicability to machine systems requinng controllers wmch control actuators 
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cam eras. Still more p^. - P-„. — is di-ted to machine vision 

systems employing electronic video cameras. 

rmwmmx'*™ 1 invention 

5 

example, systems for controlling robotic assembly equipment sucb as pic, and place (or 
cement) machine, A piacement machine is a robohc instrument for picking up 
Cectronic and s.mrlar pa«s from component feeders and piacing them at meir assigned 
iocationsonaprin^circuitboardCPCB). Once all parts are placed, the PCB is piaced 
10 in a reflow oven and solder paste disposed on the PCS melts forming permanent 

I electrical connections between pads on the PCB and eiectrical con.Cs, leads or ^ 

y on the electrical components. 

S At present, most machine control systems include physically large control circuits 

8, 5 .hatarecentrallylocated. Many w. re s and control cables must ™ between the central, 
3 locat ed control crcuits and ,ndiv,dua, actuators (such as motors of various types,, sensors 
P ( e,ec,ro„ic,e,ec,ro.opdca„dvide„,,and,il ( ee q uip I nen,. The result is that with compie* 

.dtaue up.arge volumes. Pormovingparts.addedweightincreasesthecostands.eof 
20 motcwhtchmustbeusedtoachteveagivenfunction. fn complex assembly equipment, 
aaaed weigh, adds inertra to moving parts which must be precisely located rendenng that 
task more difficult. Accordingly, it would be desirable to provide an architecture for 
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required to achieve a given task. It would be particularly desirable to provide a smart 
camera capable of carrying out a video monitoring function together with on-board 
digital signal processing tasks such as compression, feature extraction, servo-loop 
control, and the like. 
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rptff TVESCRIPTT'™ ™> ™* INVENTION 
A smart camera system provides reused images to an operator at a host computer 
by processing digital images a. the imaging location prior to sending them to the host 
com pu te r. The smartcamerahasaresidentdigita, signal processors preprocessing 

digital images prior to transmitting the images to the host. The preprocessing includes 
image feature extraction and filtering, convolution and devolution methods, 
correction of parallax and perspective image error and image compression. Compression 
„, the digital images in the smart camera a, the imagtng location permits the transmission 
of very high resolution colo, or high resolution grayscale images a, real-time frame rates 
such as 30 frames per second over a high speed serial bus to a host computer or to any 
other node on the network, including any remote address on the Internet. 
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pprgr rarerB IPTTON O" ™> ™ A WINGS 
The accompanying drawings, which ate incorporated into and constitute a part of 
this specification, Hlustrate one or more embodiments of the present invention and, 
5 together wiih the detailed description, serve ,o explain the principles and implementations 

of the invention. 



In the drawings: 



,10 FIG, 



1 is a schematic diagram of a machine control hardware architecture as 



1 applied to a placement machine in accordance with a specific embodunent of the present 

yj invention. 

O 

t no. 2 is plan view of components of a hardware module including a common 

| 5 communications device and a unique function device in accordance with a specific 

% embodiment of the present invention. 

FIG. 3 is a system block diagram of a module in accordance with a specific 
embodiment of the present invention. 

20 

FIG. 4 is a schematic diagram of a distributed machine control system in 
accordance with a specific embodiment of the present invention. 
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FIG. 5 is a block diagram of a camera-based imaging system in accordance with 
the prior art. 

FIG. 6 is a block diagram of a smart camera system in accordance with a specific 
embodiment of the present invention. 
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PTTAn""™* !rRlp,n0N 
Embodiments of .he present invention are described herein in the context of a 
sma rtcamera. Those of ordinary ski U ,n ,he ar, w iU reah. ,ha, .he foUowing de.ai.ed 

my .imiting. 0.her embodiments of .he presen. invention wiU readily suggest 

.^^^^^^^^"^"^ 

* m ade in de.aii to imp.e m en,ati„ns of .he presen. invention as il.ustra.eo in .he 

Cawings and .he fo.iowing de.ai.ed desenption to refer ,o the same or .ike pans. 



now 
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I describedhereinareshownanddescribed. U wiU, of course, be appreciated .ha. in .he 

1 deve.opment of any such ac.ua. imp—on, nunterous impfcrnentation-speciftc 

' decisis must be made ,n order .„ achieve .he deve.ope^s specific goals, such as 

S ^sw.Uvaryfromoneimplemen.tion.oanoti.erandfromonedeveloper.oanou.er. 
^ More over,i,wi„beapprecia,ed«h, S uc h adeve,op m en.effor.migh.beco m p,x m d 

Ume-consuming, but wou,d neve„he,ess be a routine undertaking of enuring for 
t „„se of ordinary ski., in me art having me benefi. of. his disclosure. 



20 



In accordance wi.h .he presen, invention, the component process s.eps, and/or 
dat as»c, re smaybeimp,eme„«edusi n gva^ous.ypesofoperatingsys K ms, computing 
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ordinary m in theTt wUl recognize cha, devices of a less genera, purpose nature, such 
as hard wired devices, fie.d programmab.e gate arrays (FPOAs), appHcation specific 
imeg ra,edcircuits (ASICs), or .he ,ike, may a,sobe used without departing from the 
scope and spirit of the inventive concepts disclosed herein. 

,„ accordance with the invention, a hardware architecture Hnks contro, tnCuies to 
a h „s, computer in a high-speed serial bus network to achieve efficient distributed 
m achine control. Each control module includes a communications unit and a function 
uni , tha, a* coupled to each other as a pa, of the control module. Ail communications 
10 units are similarly consulted with each having a unique identification set by a 
5 component thereof and provide communications between control moduies and the host 
\ compute, T*t^^«^^^^™ 1 * aA *' em *" 

. se r,a, bus provides deterministic synchronization of data transfers between control 
S 15 m odu,es and the host computer using either an isochronous mode and protocol or an 
3 asyriC hronous mode with a fixed reaMime Cock issuing data requests a, fixed rime 
- interva ls. Data transfers do no, require host computer invoivemen. and can occur direct,, 
between contro, modmes. Each contro, modu,e mamtains data blocks containing the 

permits near r ea,-time intervenfon or change of state within the controUed machine 
processes. 
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A specific embodiment of the machine control architecture of the present 
invention is illustrated in FIG. 1 as applied to a placement machine 100. The placement 
machine 100 has a pick-up head 102 transportable in X, Y, Z and T (rotational) directions 
5 which picks up components 104 (with a vacuum pick-up, gripper pick-up, or similar 
device) from component feeders 106 and transports them for placement onto a target 
substrate 108 such as a PCB. The components 104 in accordance with this example are 
typically electrical, electro-mechanical or electro-optic components and require highly 
accurate placement onto the target substrate 108 due to typically densely packed 
? ^10 input/output (I/O) connections. The placement machine 100 has an imaging system 110 
r g of some kind which observes the components 104 and the target substrate 108 in order to 
[y measure, register and align under-side contact and edge features of the components to 
P corresponding target substrate features in order to achieve accurate placement. 
5 Placement machine 100 usually includes a number of control modules 112 for driving 
;;fl5 motors (also referred to as actuators) and sending and receiving digital and analog data. 
J'£] In addition, peripherals of placement machine 100 such as the imaging system 110, 
camera lighting (not shown), pick-up head 102 and vacuum generators (for use with 
vacuum pick-ups) may be wired to and controlled by specific data I/O lines of control 
modules 112. Real-time processing of images captured by the imaging system 110 
20 permits calculation of coordinate feature locations for components 104 and target 
substrates 108 and corresponding control of the pick-up head 102 motion to achieve 
proper registration and alignment between the component 104 and target substrate 108. 
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Control JL 112 are preferably positioned on or about the placemen, machine 
,00 a, criticai process locations such as motor control axes 109 and the imaging system 
,10 so as to minimize cabling. The control modules 112 are connected in a data 
communications network over a high-speed serial data bus U4 to each other and to a host 
computer 116. The data communications network may be a high speed network such as 
th ose defined in the IEEE Standard for a Kgh Performance Serial Bus - Amendment 1 
(IEEE Std. 1394a-2000 (Amendment to IEEE Std ,394-1995)) (Published by the Institute 

t i Dart Avenue New York, NY 10016-5997 
of Electrical and Electronics Engineers, Inc., 3 Park Avenue, New 

on June 30, 2000) (hereinafter referred to as the "IEEE 1394 bus"), and the like. Each 
control module 112 includes a common communications device 200 which may be a 
single circuit board as illustrated in FIG. 2 that provides computing power, volatile and 
non-volatile data Storage, and one or more communication ports 202 supporting the high 
speed sena, bus 114. Each communications device 200 on each control module 112 
preferably has the same or a similar physical configuration. The communications dev.ce 
5 200 on each control module 112 is coupled to a function device 2*4 which may be a 
single crcuit board using a standard^ electrical and data interface 206 which performs 
signal conditioning, buffering, and power amplification functions. Each function device 
M 4 is distinctly configured to execute tactions specific to the particular control module 
„2 to which ,. is coupled. The combination of the common communications device 200 
20 with a unicue function device 204 constitutes a control module 112 mat can perform a 

of motors usrng digital encoder, analog or video sensor feedback in combination with 
digital algorithms such as PID (proportional, integral, derivative) control providing real- 
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5 butar e n „ tlimit ed t o togi cco„ tr o 1 w ith e,ec tri ca 1 o Pt o-iso 1 a t io nf o r . n pu t o t ou,put 

andfron ,„ te se ri ,(o r o te , bUS e SSU cMsC A NB U S, U SB, R ™,a„ d B th e ra e,, 
,««^--^^»* — ■^ , - ,,fli, "" , "' ,,,,, ^ 

= The distinct conjuration and corresponding functional capabiWy of any one 

I W e (i.e. nrodnies having identic, function devices 204 in addition to — 

i comm un 1 ca t i„n S devices»a re ,soen um e raK d b yauni q ue h a,wa rc en*edded S ena 1 

20 h o S ,co m pu t e rl « t oassi g nadis t inc t ne t w„ rk add KS s t oeac h con tt o lm od„ 1 en2. * 
h „ s uo m p Ut e r n«, h endow„ 1 oadsapp ropri a K c„„ TOl finnwa reth a tit has St o K d 1 nan 

centres the functionary and penance characters of each contro, moduie U2 
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as needed based on the application requirements for each control module 112. The 
capabilities of the host computer 116 controlled architecture combined with the "plug and 
work" nature of the control modules 112 and high-speed serial bus 114 permits a rapid 
configuration of many functions. 

The high speed serial bus 114 linking the control modules 112 and host computer 
116 has a high data transfer rate that typically ranges from about 100 megabits per second 
to about 3 gigabits per second (referred to herein as "high-speed"). In addition, the serial 
bus provides a mechanism for time deterministic data transfers such as the isochronous 
mode of an IEEE 1394 bus. In an IEEE 1394 bus isochronous mode, all real-time control 
system variables such as PID parameters, motion information and the state of digital and 
analog I/O are transferred from the host computer 116 to the control module 112 and vice 
versa at a fixed time interval using the isochronous protocol. Thus sensor data, captured 
by sensors coupled to digital or analog inputs of the control module, can be transferred to 
the host computer for use in calculations such as PID servo loops, machine vision 
algorithms, and the like. In an IEEE 1394 bus or similar serial bus, this can also be 
accomplished using an asynchronous mode of communication by establishing a fixed 
real-time clock that issues a read request to each control module 112 at a fixed time 
interval. Immediately following such a request, the control module 112 issues a write 
request to load its control variable data to the host computer 116. 

In operation, the synchronous communication between the host computer 116 and 
physically remote control modules 112 over the high speed serial bus 114 occurs in a 
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memory mapped fashion which emulates the remote control modules 112 being actually 
resident in host computer 116. Each control module 112 maintains an in-page data block 
containing a complete set or state table of the desired control state commands from the 
host computer 116 and an out-page data block containing the current state of all control 
variables within that particular control module 112. In addition, the host computer 116 
maintains in-page and out-page data blocks for each control module 112 attached to the 
network. The time synchronized transmission mode of the hardware architecture 
guarantees that the state of each control module 112 is known within a deterministic time 
domain. Therefore all control variables are available to host computer 116 at a repeatable 
interval without requiring a specific request for such information. This permits near real- 
time intervention or changes-state of any control variable for any control module 112 
without the need to interrupt the normal stream of events at the control modules 112 or in 
the host computer 116. The updating or painting of the state of the in-page and out-page 
data blocks takes place at the lowest level in host computer 116 so as to have minimal 
impact on higher level functions. Unlike SERCOS (the well-known SErial Real-time 
Communication System), an open interface specification, designed for high-speed serial 
communication of standardized closed-loop data, or other known control protocols, no 
command interpretation or parsing and no polling is required. The updates are simply 
accomplished automatically and repeatedly at fixed time intervals. Therefore, system 
overheads at both host computer 116 and the control modules 112 are both minimal and 
constant with respect to computing resource demand. 



14 



3 



• META-007 

F^eZ^n— and isochronous —canon .odes provided 

, ^ io 1 1 ? nprforming a sensor function with no 
block updates from another control module 112 performing 

host computer 116 interaction. 

i , pag eda a b 1 oc ta a n d« h eou t W^^-nda re *u 1 a ti n gm essa g e sequence 
numb e rtem es S a g eo r deH„ t e g n ty be t wee„co„ tr o 1 .od.es X^andthehostco^ 
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116. 



Pjq 3i sasvste m b,„c k d i a gram ofa, n odu 1 et„acco r da»cewi t hap rcS e„t ly 
pref e^ S pecmce m b„d im e„ t o ft hep r e S e nli nve„ ti o„.Mc.u 1 e300 i „c,ude S a b a S e 



unit 302 and a function unit 304. Base 



20 processor/communications i 

m achine con.ro, systen, Sena! number chip 306 provides a unique seria, nu m be t to 
KSSOr/ _ica t io„sdev i ce30 2 .D, g i,,si g na 1 processor(DSP,30S m avbea 
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model TMS320F240 available from Texas Instruments. Flash memory 310 provides a 
bootstrap loadable program for initially configuring DSP 308 upon power-up. DSP 308 
is general* programmed by the instructions in flash memory 310 to request download of 
software from a host computer after power-up and bootstrap load is completed. Once the 
i software is downloaded from the host it is stored in volatile program memory 312. 

DSP 308 communicates off-module via a conventional PHY (physical layer 
device) and LLC (link layer) 314 with serial ports 316a, 316b and 316c that may be IEEE 
1394 bus serial pons and which together form a three-port IEEE 1394 bus hub of which 
0 some of the serial ports may be 4-wre (unpowered) ports and others may be 6-wire 
(powered) ports under the IEEE 1394 standard, as desired. To communicate with 
function unit 304 which in this embodiment is disposed on a separate PCB and connected 
,„ the PCB upon which processor/communications unit 302 is disposed via a multi- 
connector block connector that carries various signals and voltage levels. Function unit 
15 304 may contain circuitry and ports supporting such communications activities as Analog 
Input (318), Analog Output (320), Dtghal Input (322), Digital Output (324), and various 
types of motor controls (326). DSP 308 may communicate with function unit 304 via a 
programmable logic device 328 in a conventional manner. In order to provide an 
emergency stop function to motorized equipment under control of module 300, motor 
20 contro.signalsarepreferab.yroutedviaerr„r 1 oopcurren,block330. If a low current 
signal routed through various components of the machine control system and through the 
"IN" and "OUT" ports of error loop current block 330 is interrupted, the signal(s) 
controlling the motorized components will cease to pass to the motorized components 
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even if the DSP 308 has crashed or locked up. Error loop current block 330 operates, for 
example, by providing current to the gate of a switch transistor which allows motor 
control signals to pass from the switch transistor's source to drain. Other electrically 
controlled switch technologies (e.g., relays, opto-isolators, etc.) could be used as well as 
will now be apparent to those of ordinary skill in the art of circuit design. This feature is 
provided as a safety feature to provide a positive mechanism for motor shutdown in the 
case of an emergency or detected anomaly. Power block 332 receives power from an 
external source on lines "+" and "GND". Chassis ground input 334 is preferably isolated 
from "GND" input. 



10 



PIG. 4 is a schematic diagram of a distributed machine control system in 
accordance with a specific embodiment of the present invention. FIG. 4 illustrates a 
typical application for the distributed machine control system of the present invention. A 
six axis motion system 400 under the control of a host computer 402 includes a number 

15 of actuators 404 (X-axis), 406 (Y-axis), 408a and 408b (Z-axis), and 410a and 410b (T- 
axis). Cameras 412a and 412b are IEEE 1394-type cameras and are present to provide 
machine vision control. Machine vision algorithms and servo-loops are preferably 
implemented by a corresponding control module (e.g., control module 414b processes 
machine vision for camera 412a). In this embodiment a number of control modules 414a, 

20 414b and 414c provide control to the various actuators and cameras. Control modules 
414a, 414b and 414c may be coupled to one another using an IEEE 1394 bus 416 
including flexible serial data cables and may be connected in daisy-chain fashion or in a 
tree fashion. 
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In accordance with a specific embodiment of the smart camera system of the 
present invention imaging system 110 is modified to include a smart camera or image 
sensor which observes the components 104 and the target substrate 108 in order to 
5 measure, register and align under-side contact and edge features of the component to 
corresponding target substrate features. Real-time image processing of images captured 
by the smart camera with a digital signal processor located at the smart camera permits 
calculation of coordinate feature locations for components 104 and target substrates 108 
and corresponding control of the pick-up head 102 motion to achieve proper registration 
10 and alignment between the component 104 and target substrate 108. In addition, the real- 
time image processing at the smart camera location permits the transmission of very high 
resolution color or high resolution grayscale images at real-time frame rates such as 30 
frames per second over a high speed serial bus 114 to a host computer 116 or to any other 
node on the network, including any remote address on the internet. 



The smart camera system of the present invention has fully digital camera system 
architecture which permits the use of a variety of different formats of image sensors 
coupled with a high speed digital signal processor for real-time image enhancement, 
compression, or feature extraction and a high speed serial communication bus for 
20 communicating the processed or raw images to a network host computer. The smart 
camera system architecture improves image signal to noise ratios by providing a very 
short signal path length (i.e. only a few millimeters) for the raw image data signal to 
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travel from the imaging chip to a high speed analog to digital converter where it is 
converted into quantized raw image data and collated in a temporary storage buffer. 



The buffer can then directly route the quantized raw image data for transmission 
5 over a high speed, isochronous serial bus such as an IEEE 1394 bus or equivalent. 

Alternatively, the quantized raw image data can be taken from the buffer by an embedded 
digital signal processor (DSP) for image processing. The DSP can interpret, filter, 
compress or otherwise modify the data in whatever manner selected by a user at a host 
computer. The DSP has a program and data storage that can be loaded with a library of 
? 1 10 firmware capable of performing a wide array of image processing computations on the 
ifl image data. These computations include but are not limited to mathematical operations 
W such as addition, subtraction and multiplication by a constant or by another image or 
6 partial image, compression including MPEG, JPEG, and GIF at various compression 
L factors, convolution processes of various data array sizes, deconvolution processes such 
U 15 as wavefront coding and digital focusing, edge detection, filtering and enhancement, 
"S centroid location, region connectivity, hole finding, region statistics, intensity 

normalization, white balancing, saturation and hue adjustment, color interpolation from 
weighted color filter tables matching an image array filter pattern, feature extraction such 
as corner, arc, and line segment formation, image rotation, zooming functions, scaling 
20 functions, run length encoding, chain coding, morphological erosion, dilation, normalized 
correlation to stored templates, frame to frame motion detection, motion control vector 
offset calculations, user defined algorithmic sequences and the like. These functional 
computations can be selected and applied on-the-fly to incoming images. The results of 
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the image ca,cu.aZperformed by ,he digi.a. signa. p«— 0* *e processed 
imag e, can .hen be routed ,o ,be high speed seria, bus buffer for —sion ,o ,he host 
^^^^^^^^^^^ 

internet. 

Con.press.on of .he «M images in d. smart camera a. *. .maging .oca.ion by 
*e embedded d igit ai signal processor provdes an enabling advance for very h,gb 
reunion images such as .hose wi,h 4,000 > 4000 piie.s. Thecompressionenab.es me 
emission of very high reso.uuon coior or high reso.u.ion grayscafe images a. rea.- 
10 ..mef.mera.essuchasaOframespersecondoverahighspeedseHaibussuchas.he 

. rem „ t eaddresso„ t he.n te rne,Wi.ho,*ec„mpressiona,.hesmar.cameraloca.i„„by 

\ 15 ^nsmiuabie within »e avaiiabie bandwidfh of even .he very high speed seria, buses 
| such as IEEE 1394. 

SimUarly, advanced image enhancemen. algori.hms such as wavefron. coding 

2 „ Th e embedded digUa. signa. processor can imp.emen. .he digiia, deconvo.uUon so m 
the image tt ansmi IK d .o hos. compu.r can be im«,edia.,y chspiayed and viewedby 

a human operator in real time. 
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Additional advantages of the smart camera system of the present invention 
include compressing live, high resolution video images with greater than 1000 x 800 
pixels containing 24 bits of color and intensity da. per pixel generated a. rates exceeding 
20 frames per second, such that remote observation of the compressed images is enab.ed 
over networks of normally insufficient bandwidth, such as dial-up interne, networks. 
Further, on-command compression may be suspended for one or more frames so mat full 
.solution, non-compressed, single frames may be transmitted over the same network a, 
less than real-time rates. 

A prior art vision system 500 is illustrated in HO. 5. An analog image sensor 502 
obtains the image and transmits it to a host computer 504 over a cable or transmission 
line (eg. of tine RS-170 type) 506. The image data transmitted over cable 506 may be 
either in analog or digital format. The maximum resolution of the image and the frame 
rate are limited by the bandw.dth of cable 506. The finite bandwidth of cable 506 causes 
,5 jitter and delay in the image which, in turn, lowers the quality and timeliness of the 
image. The host computer 504 includes a frame grabber 508 which inc.udes an FEP 
block 510 for performing conventional analog/digital conversion, gain control and 
balance. 1. also includes a frame memory 512 and a CPU 514 for handling basic tasks. 
Thehos.compu,er504alsoincludesaPCCPU516andPCMe m ory518. ThePCCPU 
20 516of,hehostcomputer504runssoftwareprogramstha«processtheimagedati,as 
desired. The host computer 504 uses the processed image data along with other sensor 
data as a part of the machine operation in controlling actuators. 
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The smarZL in accordance with a specific embodiment of me present 
invention is diagrammed in FIG. 6. Smart camera 600 moves the processing operation 
from a separate host computer physical., distanced from the imaging sensor into the 
camera unit itself, thus elimmating the need for a host computer to process images. This 
5 has the advantage of eliminating the cable and its bandwidth limitations and allows 
pr « of higher button images with higher frame rates. The jitter and delay 
problem is thus eliminated. In essence, smart camera 600 includes the essentia, parts of 
block 300 of FIG. 3 as shown. 

10 Software to process the image data is downloaded over the serial bus via a 

conventional PHY/LLC 314 (FIG 3) to a DSP 308 equipped essentially as discussed 
! ab0 ve in connection with FIG. 3. The DSP 308 receives data from FEP b.odc 614 that 

' image sensor 616. The smart camera can receive commands and control information 

I T „e sm ar,came ra m^ecana.soob«ainsensorda«ad,rec.lyfro m othersensors.-rhe 
1 smart camera can process image data ,n real time, and, a,ong with other sensor data, can 
send commands and control information directly to any actuators on the serial bus 
without a need to involve any host computer. By performing the signa, processing inside 
20 the camera unit and controlling the actuators in ,ha, fashion, system performance is 
directly improved. Because raw image data does no, go through the serial bus, the 
oandwidth limitation is e,imina,ed - ft. image data is processed at the camera to a ,eve, 
fta, ,he seria, bus poses no impedtmen, ,o its transmission, e.g., through compression or 
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W , ftiWata This advantage allows 

fcatureextacta . duc tion,n 

system performance. 

d „ uW u.(TrLorbu f fe re d. ta es),o. he DSP processor 

By adding digtol "puts - ( or vice 

, • . th P taking of mages to external cv 

b6U sed t ,yd, re c tlyl «n gth eDSP 

r»<;p 108 or camera timing ^ Tn 

image, the DSP 3US motion imag e. In 

«.h as a strobe to flash to provide an exact v 
causesalightsourcesuchasastr 

w the latency involved in using the networ 
15 theS etwoexamples,thelat 

b y DSP 308 10 capture the exact clock am 
ins «a„t that such lines are activated. 

20 ' • „f this invention have been shown and 

whi ,ee mb odi m en,sandapphca.,onso f * 1 s.n 

, ,„ , hns , skilled in the art having *e benen 
^cribed.itwouldbeapparen.todtosesi. ^ 

^thatntany-rnodtncationsthan— dabovear P 
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departing from theTventive concepts herein. The invention, therefore, is not to be 
restricted except in the spirit of the appended claims. 
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